In order to provide a reference for the correct forecasting of short-term heavy rainfall and better disaster prevention and mitigation services in Shanxi Province, China, it is very important to carry out systematic research on short-term heavy precipitation events in Shanxi Province. Based on hourly precipitation data during the flood season (May to September) from 109 meteorological stations in Shanxi, China in 1980-2015, the temporal and spatial variation characteristics of short-time heavy rainfall during the flood season are analyzed by using wavelet analysis and Mann-Kendall test. The results show that the short-time heavy rainfall in the flood season in Shanxi Province is mainly at the grade of 20 -30 mm/h, with an average of 97 stations having short-time heavy rainfall each year, accounting for 89% of the total stations. The short-time heavy rainfall mainly concentrated in July and August, and the maximal rain intensity in history appeared at 23 -24 on June 17, 1991 in Yongji, Shanxi is 91.7 mm/h. During the flood season, the short-time heavy rainfalls always occur at 16 -18 pm, and have slightly different concentrated time in different months. The main peaks of June, July and August are at 16, 17 and 18 respectively, postponed for one hour. Short-time heavy rainfall overall has the distribution that the south is more than the north and the east less than the west in Shanxi area. In the last 36 years, short-time heavy rainfall has a slight increasing trend in Shanxi, but not significant. There is a clear 4-year period of oscillation and inter-decadal variation. It has a good correlation between the total precipitation and times of short-time heavy rainfall during the flood season.
Introduction
Short-term heavy precipitation refers to the weather phenomenon in which the precipitation intensity is large in a short period of time, and its rainfall reaches or exceeds a certain amount, which is one of the main extreme precipitation weather (Yang et al., 2018) . With the increase in time and spatial resolution of precipitation observations in recent years, hourly precipitation is used to define strong precipitation. According to the National Short-Term Nowcasting Regulations, this paper defines short-term strong precipitation as precipitation with an hourly rainfall of ≥20 mm. Due to the high concentration of precipitation in time, it is easy to form flash floods, causing waterlogging in farmland, urban shackles, and even secondary disasters such as mudslides and flash floods, causing major economic losses and casualties. Therefore, short-term heavy precipitation has attracted the attention of many scholars at home and abroad. Chen et al. (2013) studied the characteristics of short-term heavy rainfall with hourly rainfall ≥10, 20, 30, 40, 50 mm/h. The results show that the sub-frequency geographical distribution of China's short-term heavy precipitation is similar to heavy rain (≥50 mm/d). The distributions are very similar, but the short-term heavy precipitation above 50 mm/h has a very low frequency and a significant difference in geographical distribution. Zhang et al. (2011) analyzed the trends of precipitation time, hourly rain intensity, extreme precipitation time and extreme precipitation intensity in different seasons in analyzed Southwest China. Yao et al. (2010) use the data of 485 stations in China from 1991 to 2005; it is concluded that the area with the highest frequency of rain intensity above 4 mm/h is on the southern coast, and the daily variation of the frequency of rain intensity is different in each region. Han & Miao (2012) , Yin et al. (2012) and others (Cai et al., 2014; Peng et al., 2012; Hao et al., 2012; Yang et al., 2010; Guo et al., 2007; Yin et al., 2010; Shen et al., 2015; Wang & Wang, 2013; Gu, 2013; Shen et al., 2017 ) analyzed short-term heavy rainfall in various regions of the country from different aspects.
On July 19, 2016, there was a rare continuous heavy rain and heavy rain in Shanxi. From 20:00 on July 18 to 20:00 on the 19th, there were 61 meteorological stations with heavy rainfall or heavy rains in 24 hours. Among them, 8 counties and cities were heavy rains, and the number of heavy rains in one hour exceeded that of meteorology. The extreme value was since the record (Wang et al., 2017) .
We call this precipitation process as "July 19th Heavy Rainstorm". It has a long period of precipitation, concentrated precipitation and large precipitation, and there are many short-term heavy precipitations, which have caused urban floods, (Zhao et al., 2006; Zhang et al., 2008; Li et al., 2010; Wang et al., 2012) .
Shanxi Province is located in the middle of the Yellow River in the western part of China's North China Plain and on the eastern edge of the Loess Plateau.
It is a transitional area between North China and Northwest China. In addition, 
Data and Methods

Data
This paper selects 109 weather stations in Shanxi Province ( the same time, because the data taken is the "whole-of-clock" data, the short-term heavy precipitation time that exceeds the specified threshold for one consecutive hours is divided into two stages, but the statistical standards of this paper are not met, so the frequency of short-term heavy precipitation should be higher.
Methods
Wavelet analysis (Abdullayev et al., 2017; Joseph et al., 2015; Banović et al., 2013) , as the name suggests, is a small waveform. The so-called "small" or "let" means that it has attenuation; the so-called "wave" refers to its volatility, and its X. T. Tian et al. Mann-Kendall is also often used for the detection of precipitation and drought frequency trends under the influence of climate change (Bera, 2017; Ragatoa et al., 2018; Koudahe et al., 2017) .
Results and Analysis
Time Distribution Characteristics
The number of short-term heavy precipitation (1 h ≥ 20 mm) occurred in 109 stations in Shanxi Province from May to September 1980-2015 (see Table 1 In 1986 In -1998 In -2014 , the short-term heavy precipitation stations in Shanxi Province were more frequent, and the rest of the period was less.
From the above analysis, it is found that the number of short-term heavy precipitation in Shanxi Province shows obvious long-term change trend. In order to further detect the mutation, this paper uses M-K method to carry out mutation test on the short-term heavy precipitation station in Shanxi Province near 46a. scale, indicating that the period of the four-year period is the strongest, and the second peak corresponds to the eight-year period of oscillation. "Late-July-early-August" is the main period of Shanxi Province. From the monthly change of short-term heavy precipitation in Shanxi Province ( Figure  5 ), it can be seen that short-term heavy precipitation began to appear in May; the shortest heavy rainfall in July has the most stations, which is 1580 stations, accounting for 45% of the total; followed by August, it was 1186 stations, accounting for 34% of the total; July-August short-term heavy precipitation stations accounted for 79% of the total; in September, it decreased rapidly. The annual variation of precipitation in different magnitudes is basically the same, but the proportion of stations in July-August has increased. Among them, the station with 1 hour precipitation in the range of 20 mm -30 mm accounts for 78% of the total, 30 mm. The station of ~40 mm accounts for 82% of the total number of the order, the station of 40 mm -50 mm accounts for 86% of the total number of the order, and the station of one hour precipitation ≥50 mm accounts for 88% of the total.
Daily changes can be used to reveal changes in short-term heavy precipitation in a single day. The daily variation of the number of strong precipitations from 5 to 9 months and years is analyzed. The number of occurrences of short-term heavy precipitation in each period is obtained, and the period of occurrence of short-term heavy precipitation in one day is further analyzed. Figure 6 shows the daily variation characteristics of short-term heavy rainfall from May to September in Shanxi Province from May to September. From the perspective of time-lapse evolution, there are three peaks in May, and the strongest time is between 20:00 and 22:00.
The number of short-term heavy precipitation occurred was 11 to 13 times, followed by 16:00 to 18:00 and 00:00 to 02:00; the strongest peak in June appeared around 16:00, reaching 49 times, 16:00 -20:00. This period of time, the number of occurrences of strong precipitation is relatively high, and the number of occurrences in other periods is small. July and June are similar. These times Figure 5 . The monthly change of shout-time heavy rainfall number during the flood season in Shanxi. are from 16:00 to 20:00, but the strongest peak is around 17:00, and the number of times is more than 130. In August, the strongest peak was around 18:00, the number of times was 98, and from 16:00 to 18:00, there was a period of short-term heavy precipitation. In September, there were two peaks, which were around 17:00 to 18:00 and 21:00, and the number of times decreased. The peak time was only about 23 times. Figure 7 shows the average distribution of short-term heavy precipitation stations in the months and years from May to September in 1980-2015. From the distribution of each month, in May (a) there were few short-term heavy precipitation events in Shanxi Province, including no short-term heavy precipitation in the northern margin, near Chenzhou and southern Jinzhong, and the remaining stations were at 0.2 times/year. Below, the large value area is located in the southwestern part of Shanxi, with the highest being Jincheng 0.19 times/year, showing that the southwest is significantly more than the rest of the province. In June (b), the number of short-term heavy precipitation stations increased, generally above 0.05 times/year, more in the south than in the north, more in the east than in the west, and a high-value center in the southeast and central-eastern regions; The value center is in the Changzhi-Jincheng area, and the high-value center in the central and eastern parts is in the area of Yangquan-Jindong Middle Mountain. It is the strongest in Gaoping in Jincheng, reaching 0.36 times/year. In July (c), the number of short-term heavy precipitation stations increased significantly, but the overall low-value range was reduced. The high-value center in Yangquan area is slightly northward, corresponding to the south of Yangquan-Xinyang-Heshun-Heshun has a low-value center; the southeastern part of the high-value center has expanded significantly; the northwestern part of Shanxi's Luliang and Linyi West have two weak High-value center; the center of the southwestern part of the mountain (the Yuncheng distort) has a maximum value center of 1.08 times/year. August (d) was slightly lower than that in July, and the high-value center was in line with the July position. The extreme center was Jincheng, which was 0.81 times/year. In September (e), the number of short-term heavy precipitation stations decreased significantly, which was consistent with the distribution in May. However, all stations had short-term heavy precipitation, and the extreme value was located at LinfenAnze
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Station, which was 0.19 times/year.
From the average (f) average short-term heavy precipitation station distribution map of the whole flood season, it can be seen that the distribution of high and low values is consistent with the distribution in July, and the large-value centers are Jincheng Station and Yuncheng Henqu Station, respectively, 1.98 times/Year and 2.05 times/year.
Relationship between Short-Term Heavy Precipitation and Total Precipitation during Flood Seasons
Since the annual precipitation in Shanxi Province is mainly concentrated in the flood season, the total precipitation in all flood seasons can generally reflect the drought and flood conditions in the current year. In order to understand the relationship between the short-term heavy rainfall in the flood season in Shanxi
Province and the flood and drought characteristics in the flood season, Figure 8 shows 
Conclusion and Discussion
From 1980 to 2015, from May to September, an average of 97 stations of short-term heavy rainfall occurred each year in Shanxi Province. Among them, the precipitation in one hour is mainly rain intensity of 20 to 30 mm. From the long-term trend of 36 a, the short-term heavy precipitation station showed an increasing trend with obvious interdecadal variations. In 1986 In -1998 In -2014 , the short-term heavy rainfall in Shanxi Province was relatively long-term, and the rest of the period was relatively less, and with two cycles of 4 years and 8 years.
In the past 36 years, the short-term heavy precipitation in Shanxi Province showed a single-peak shape from May to September, with the most stations occurring from July to August, accounting for 79% of the total, and the maximum rainfall intensity; precipitation of different magnitudes. The annual change is basically the same, but the proportion of stations in July-August has increased.
Short-term heavy precipitation in the flood season in Shanxi Province is likely to occur from 16:00 to 18:00 in the afternoon, and it is less likely to have short-term heavy precipitation from midnight to noon. The time of occurrence of short-term heavy precipitation in different months is slightly different. The main peaks in June, July and August are at 16, 17, and 18, respectively, and one hour X. T. Tian et al. Journal of Geoscience and Environment Protection later, and short-term heavy precipitation in May and September.
The spatial distribution of short-term heavy precipitation weather in the flood season in Shanxi Province has obvious geographical differences, and the monthly distribution is not the same, but the overall distribution is less in the south and less in the north, and the distribution in the east and the west is less, and it is prone to short-term strong. The precipitation areas are mainly distributed in Yangquan, Changzhi, Jincheng, Linyi and Yuncheng eastern areas in the southern and eastern mountainous areas.
The annual average total precipitation in the flood season in Shanxi Province is similar to the annual average short-term heavy precipitation station distribution. There is a good correlation between the total precipitation in the flood season and the short-term heavy precipitation station in the flood season. The more total precipitation is. The better the local correlation, the short-term heavy precipitation accounts for an important proportion of precipitation in the flood season in Shanxi, and is an important feature of precipitation during the flood season. Since the data selected in this paper are the whole point data, it may cause some short-term heavy precipitation time that exceeds the specified threshold for 1 h to be divided into two stages, but does not reach the statistical standard of this paper, so short-term heavy precipitation occurs. The frequency should be higher. In recent years, with the abundance of meteorological observation data, the distribution characteristics of short-term heavy precipitation with 10 min precipitation data may be more detailed and comprehensive.
